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? Progenitor of
Type llb SN 2011dh in M51
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Maund et al. (2011) found Mzans = 13 + 30, Compact Progenitor ? cllib
Van Dyk et al. (2011) found Mzams = 17 — 180
Stellar population analysis are in favor of lower mass estimation (Murphy+11)
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Light Curve Models for SN Illb 1993J

log [ bolometric luminosity (erg s™) ]
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SN1987A

Hachisu, Nomoto et al



Mixing and Light Curve of SN 1987A
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Light Curves of 1993J & 1987A

* First peak:
Shock heating in the RG envelope
SN 1993J : short € M(H) <1 Mg
R ~ 400 R,
SN 1987A: faint € small radius: 50 Rg
M(H) ~ 10 Mg

o Second peak: radioactive decays
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SN 1987A :_Bl_ue -)_Bed = Blue
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“Red to Blue” in Binary Scenario

(Podsiadlowski 2007)

a. %
. unstable mass transfer . . .
e stream impacts with helium core —
core penetration (~ 10" cm) —
b, / . dredge-up of helium
CE Envelope (H)
— (s o)

spin up of common envelope partial envelope ejection

£ I:Iue wpergl.mt wmd

quﬂlnrml
mtm shedding

red-blue transition and
sweep-up of ejecta by
blue-supergiant wind

Hydrogen



SN IIb 2011dh: Progenitor Models
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SN IIb 2011dh:
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SN IIb 2011dh: Explosion Energy
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SN lIb 2011dh: EX
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SN IIb 2011dh: Mixing of *°Ni
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SN llb 2011dh: He Core Mass
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SN |Ib 20
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Models with R > 150R, are required (Bersten+ 2012)



Log L|lerg s1]

SN 1lb 2011dh : LC & vel(ph)
M(ms) < 18 M. ; M(He) <5 M. =>»Binary
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Optimal model: He core mass ~ 4 M. (Mzams = 12 — 15M )

Fep = 8 x 10°Y erg and My; = 0.063 M

(Bersten+ 2012)



SN Illb 2011dh: Constraints on
the Progenitor

Models with He core mass of ~ 4 My (Mzans =~ 15M ),
Eexp = 8 X 10°Y erg and My; =~ 0.063 M., reproduce very
well the observations

A large radius (R ~ 200Rs), consistent with the pre-SN
Imaging, required to reprocude the early LC.
No contradiction with the temperature

He core mass = 8 My (Mzanvs = 25 M) ruled out —
single star evolution unlikely

Binary models give right position on HR diagram, and
mass of H for a SN lIb — YSG may be the progenitor



SNe [M, .-E relation]
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Close Binary Evolution

16 My + 10 Mg
P, =125 days

° MZZ-BM1

->

e 414 My + 13 Mg

(Benvenuto+ 2012)



SN Illb 2011dh: Binary Evolution
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Close Binary Evolution
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Binary stellar evolution for SN 2011dh

» Primary star of 16 M, and period of 100 days

» Secondary star of 10 — 14 M,

#® Conservative and non-conservative mass accretion

\

» Primary ends as YSG with He core mass of ~4 1/,
and H mass of ~ 5 x 1072 M

(Benvenuto+ 2012)
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Light Echo from Cas A




Cas A: First spectrum of a Galactic SN
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SNe In Binary Systems

Single M,~M, M »M,
”"Conservative” ”Non-Conservative”
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Binary’s Final Fates

Massive Companion = SN llb =
NS + Companion Star (> 10 M)

Spiral-In of a Small Mass Companion =»
Large Angular Momentum &
Enhanced Mass Loss = Small M(H) =>»
SN IIb =» NS + No Companion : Cas A ?

M; > 25 My =>» Spiral-In =» BH (rotating) =
SN IIb : Hypernova ? (SN 2003bg?)



magnitude + constant

195

SN I1b 2003bg

- e, il
- é? |
L 9@ °* . i
LS o B
| ° . .GO |
| e - i
O ®

. C.(D O ° i
i 8 ‘. > 130

i . " R-15 |
R s B
_ " |
- |||| Il | | || I |! - B“'O|—
700 800 900 1000 1100

JD—-2452000

Hamuy+09



+ Constant

v

—2.0 log f

—
o

Mo
o

[\
(&)}

SN I1b 2003bg

Feb 28

HB Hel Ha @& @ Call

| Mar 04
7.0
i g a Mar 12
15.1 =
= =
= Mar 31
é pa o
I Apr 04
| 34.0 P
- 38.0 Apr 09
- 43.0 Apr 10
| 44.0
1 l | L | | 1 1 | I 1 1 1 I 1
4000 6000 8000 10*

rest wavelength [A]

Hamuy et al. 09



SN Ilb 2003bg vs. Hypernova
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SN I1b 2003bg
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Kinetic Energy (10% erg)
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Anupama et al. (2005)
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Magnetar ?7?
SN Ib 2005bf: Double Peak Light Curve
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15t peak: °°Ni decay
2"d peak: Magneter ??

Absolute Magnitude
N N O o

N
o

I
Q0

-
o

| L=L(tty)?

L,=8x10%%erg/s(*)

| T,=60day
|B=-4(n=2)

1 (*) If dipole, e.qg.,

B,~10* G, P,~10 ms

Maeda et al. (2007)



Light Curve Models

Energy source
shock heating = II-P
radioactive decays
pulsar
circumstellar interaction

Progenitor’s radius
single star vs. binary
companion star

Binary merger =» single star = llb, lI-L, lIn




SNe In Binaries

Spiral-In =» Single star (+ heating)
- Enhanced Mass Loss
- lI-n 1I-L  [I-b

(Nomoto+ 1995)



Binary’s Final Fates

Massive Companion = SN llb =
NS + Companion Star (> 10 M)

Spiral-In of a Small Mass Companion =»
Large Angular Momentum &
Enhanced Mass Loss = Small M(H) =>»
SN IIb =» NS + No Companion : Cas A ?

M; > 25 My =>» Spiral-In =» BH (rotating) =
SN IIb : Hypernova ? (SN 2003bg?)
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